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•. 1 ABSTRACT

Earlier observations revealed that incubation of media and
the attendant changes in oxidation-reduction potential (ORP)
were related to improved cell production. This is a report of
work done to show that the higher levels and increased rates
of growth of cells grown i incubated medium are associated
with the ORP level of the Ledium before its inoculation with
cells. Work was done usitr 250-ml centrifuge spinner bottles

i as the culture vessels. Further work is needed to establish
the desirability of deliberate poising of media prior to use
for studies in s9ll vessels and flasks.
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I. INTRODUCTION*

In R previous study, the authors" investigated growth and associated
oxidation-reduction potential (ORP) patterns of Earle's L cells in centri-
fuge spinner bottles. That study was conducted with 100-ml portions of
medium that was either stored frozen or incubated at 37 C for 3 days prior
to inoculation. Routinely, samples of the medium were incubated to deter-
mine sterility.

In analyzing these data, we noted differences in cell counts between
cultures grown in incubated medium and those grown in non-incubated medium.
These observations led us to a separate investigation to measure the
significance of these differences. Attempts were also made to determine
whether changes in the medium induced by incubation might be reflected
in change of ORP.

II. EQUIPMENT AND PROCEDURES

A. EXPERIMENTAL EQUIPMENT

1. Culture Vessels

Culture vessels were adapted from 250-ml centrifuge bottles.
The adaption for routine cell propagation provided for agitation of
medium by the spinner device shown in Figure 1. For uses involving
measurement of ORP, the silver - silver chloride and platinum electrodes
(Fig. 1) were used. The electrodes were sealed into holes in the bottles
with Dow Corning Silastic silicone rubber adhesive RTV 731. To eliminate
oxygen uptake by the medium during incubation, the spinner was replaced
by a tightly fitting rubber stopper.

*This report should not be used as a literature citation In material to
be published in the open literature. Readers interested in referencing
the information contained herein should contact the senior author to
ascertain when and where it may appear in citable form.

** Daniels, W.F.; Garcia, L.H.; Rosensteel, J.F. September 1969.
Oxidation-reduction potential and concomitant growth patterns of
cultures of Earle's L cells in centrifuge spinner bottles, (Technical
Manuscript 550). Process Development Division, Fort Detrick,
Frederick, Maryland.
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- I4Vent: 5-ml cotton -filled syringe

barrel with Luer-Lok end.

___ __ VENT SAMPLE ADAPTER, consisting of:
"Lock end of 13-gauge needle that is silver
Vsoldered to 2 inches of stainless steel11" _tubing, and

¾-inch diameter stainless steel tubing

#6 solid rubber stopper

Large stainless steel fishing swivel

0.014-inch diameter stainless steel wire

S- 250-mi centrifuge bottle

Platinum ORP electrode

Magnetic teflon-covered bar

F--2 3/81t--1

Silver-silver chloride reference electrode

FIGUt 1. Centrifuge Spinner bottle.

__________________
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2. Recorders

The spinner bottles were connected with electrode wires to

instrument panels similar to those described earlier for a I-liter

tissue culture fermetor by Daniels et al.* ORP values were continuously
recorded during 3-day incubation periods prior to seeding with cells.

B. PROCEDURES

1. Medium and Inoculum

The medium previously described by Rosensteel et al.** consisted
of Eagle's minimum essential medium (dc :ble strength) with the nonessential
amino acids as a substitute for the essential amino acids, pluc modified
Earle's balanced salt solution. To this was added: lactalbumin hydro-
lysate, 0.5.; cysteine, 260 4g/ml; ascorbic acid, 50 pg/ml; glucose, 17;
and bovine serum, 107. Each bottle contained 100 ml of medium. The pH
at time of use was 7.2 to 7.4.

2. Samples

Each day a 2-ml sample ws withdrawn aseptically from the bottle,
and pH, cell count, viability, and cell size were determined.

The experiments were repeated eight times to insure reasonable
validity of conclusions drawn. A few runs were lost because of malfunction-
ing spinner bars. The data from 43 vessels with electrodes were thus
recorded. Of these, 22 contained medium that was not incubated, but was
frozen, thawed at time of use, and inoculated with cells, and 21 contained
medium that was incubated and then inoculated.

3. Apparatus and Operations

Three centrifuge spinner bottles were fitted with electrodes, one
without electrodes was used for the control. The fitted bottle. were
placed in an incubator at 37 C and connected to instrument panels that
continuously recorded ORP.

After three days' Incubation thee. three bottles, plus tbt untn-
cubated control, were inoculated utth Earle's L cells at a level of
I x lO/ml of final medium from an actively growing culture in the log
phase, employing vessels without electrodes containing the same medium.
The level of inoculation was intended each time to be I x 105 cells/tl
and for the most part was obtained. All spinner bottles were returned to
the 37 C incubator for growth.

W Naniels, V.F.; MrEMO, D.A.; jonuon, N.V.; Ichaelierl, L.K. 199
Controlled pH and cmidatioo-reduction potential with a n4w glaes tissue-
culture feruentor. Bliotechnol. Ioeng. 7:529-553.

** Roeensteel, J.P.; Jordan, W.C.; Danlels, W.F. 1969. Qrf..th potential
of a variation of Egle's Pinimum essential medium for spinner cultures.
Biotechnol. Iroens. 11:263-26f.
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The described procedure was applied also to testing frozen medium.

with the exception, of course, that the incubation period prior to inocula-
tion does not apply.

III. DISCUSSION AND RESULTS

aTabi. I gives average peak growth levels and growth rates with the 957.
confidence limits for the two types of media. The media poised by incubation
had significantly higher (at 0.01 level) average peak growth than the non-
incubated media, with a calculated t = 4.21. The variability of the
incubated peak growth levels was also significantly higher (at the 0.01
level) with a calculated F - 9.90. This increase in average peak growth
agrees with results of earlier experience that prompted this investigation

of ORP changes during incubation.

TABLE 1. DIFFERENCES IN L CELL GROWTH IN INCUZATED MEDIUM
COMPARED WITH L CELL GROWTH IN NON-INCUBATED MEDIUM

Avg. Growth
Avg. Peak att:,

Growth, 95% 0 viable 357.
106 viable Conf. cells/ml Conf.

Medium Observations cells/ml Limits per day Limits

Incubated 21 2.87 2.45 - 3.29 2.8 2.29 - 3.35

Frocen 22 2.28 2.15 - 2.41 2.9 2.54 - 3.29

i
Growth rates and their variability were not significantly different

at the 0.05 level with calculated t - 0.12 and F - 1.91 respectively.

Figure 2 illustrates typical behavior of the ORP changes during incuba-
tion of the medium without access to air other than that within the centri-
fuge bottle itself. Thus, for the three flasks represented here, the ORP
of the medium was -100 my at the outset. In spite of oxygen from the air
within the vessels at inoculation, ORP levels dropped to about -230 my,
varying considerably one from the other in the time required to achieve
this level. After 36 hours, variation became minimal, and the ORP of the
three samples began to rise, leveling off at the end of the 3rd day. The
three ORP values show remarkable agreement during this period, being within
±20 my of each other by the end of this 3-day period. Figure 2 shows the
kPa pattern of only one of the eight groups of three vessels incubated priot

to inoculation with cells. The others were similar, differing only in
initial OR? at the beginniag of the experiments and that shown at the end. -
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Further analysis of the data revealed several interesting facts.
In Tables 2 and 3, all available data are compiled into four groups accord-
ing to ORP level. Table 2 shows that groups 3 and 4 (with high initial
ORP) had a significantly lower average growth rate and a longer gencration
time than groups I and 2. Group 4 also had a significantly lower average
growth rate than group 3, as shown by a calculated t = 6.85.

The confidence limits in Table 3 show that group 4, incubated medium
with high initial ORP, had an average peak growth higher than the other
three groups and that the variaace of the peak growth for group 4 was also
significantly higher than the variance of the other three groups.

Figures 3 through 6 show the composite growth curves for groups 1, 2,
3, and 4. These data represent averages for the different groups listed
in Tables 2 and 3. Interestingly, group i presents a marked lag phase
(Fig. 3), but the fastest growth - 17.3 hours' generation time. An

A Iexplanation for the differences in growth patterns of group I (characterized
i by short generation time, intermediate peak cell population, with decline

at the 7th day) and of group 4 (much longer generation time, highest cell
population, and decline on the 11th day) is not apparent at this time.
Glucose levels at the end of the runs were still about 0.5Z down from the
initial 1.0%. Aeration was the same in all vessels, so we find it hard to
believe that growth in the first three groups was restricted by lactic
acid formation and accumulation, but not in group 4, which reached 5 x 106

cells/ml or double that in the first three groups. That the reason for
the aaomaly is ORP-associated seems probable at this tim,

Tables 2 and 3 point out also that there are groups of incubated and
i! nonincubated media with fast and slow growth rates, and incubated medium

Swith no better peak cell growth than that shown by the nonincubated group.
On the other hand, maximum peak growth was exhibited by a group in which
Sthe medium was incubated. Puz~ling, also, is the fact that peak growth
Sin this group was achieved only after 11 days.

a
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IV. CONCLUSIONS

Certain conclusions can be drawn from the data presented. First, the
levels of growth achieved by the cells seem ORP-related. Second, the
rates of growth are likewise associated with ORP. Third, the course of
growth for the systems was in a great measure thus governed before
inoculation ever occurred.

The implications for research using uncontrolled ORP levels appear
obvious. Thus, one may question the value of studies made without due
consideration of the effect of OR? on the system.

Whether or not the establishment of given levels of ORP when the medium
is being processed does indeed alter the medium for greater potential over
medium produced in the usual manner is highly pertinent.

Finally, contrary to the implication of Table 1 (that incubation is
a desirable treatment for this medium prior to initiation of growth of
cells) the change associated with the ORP levels of the medium during the
preinoculation period probably accounts for the superior performnce of
the incubated medium with respect to total growth, and for inferior
growth rates.

ijL
I
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